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EXECUTIVE SUMMARY

PROJECT TITLE: Animas River Targeting Project — Animas River Above Eureka

PROJECT START DATE: August, 1997
PROJECT COMPLETION DATE: October, 1999

FUNDING: TOTAL BUDGET: $75,316.67
TOTAL EPA GRANT $45,190.00
TOTAL EXPENDITURES OF EPA FUNDS $45,180.76
TOTAL EXPENDITURES $45,180.76
REVISIONS $0

TOTAL SECTION 319 MATCH ACCRUED $30,152.00

SUMMARY ACCOMPLISHMENTS

Water quality sampling and loading analysis were completed for high-
flow and low flow on the Animas River above Eureka. A reclamation
feasibility report was produced, outlining how water quality can be
approved.
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Animas River Targeting Project
Animas River above Eureka

Introduction

The Animas River Targeting project was initiated by the Water Quality Control Division (WQCD) in
1994. WQCD collected water quality samples in selected areas of Mineral Creek, then
subcontracted with DMG to write a reclamation feasibility report. Following reorganization at
WQCD in 1996, DMG became the project sponsor for the Cement Creek portion of the Animas
River Targeting Project. Cement Creek was followed by the Animas River above the townsite of
Eureka. DMG is currently working on the report for the Animas River between Eureka and
Silverton.

The grant for this project originated as a grant for the Cement Creek Project. The original Nonpoint
Source grant request was in the amount of $96,200 to collect site specific water quality information
in Cement Creek. Because of insufficient funds, only 95% of the grant or $91,390 was available.

In early 1996, Region VIII EPA agreed to analyze the water quality.samples in their laboratory.
With EPA paying for the laboratory analyses, a contract amount of $46,200 was negotiated for
Cement Creek. This left $45,190 left in the original grant, which was applied to the Upper Animas.

Reconnaissance investigations to determine which sites should be sampled were done in August,
1996 and August 1997. Mine waste sampling was done during August 1997. Water quality
samples were collected during the low-flow period in September 1997. Water quality samples
were collected during the high-flow period in July 1998. In January 1999, DMG began data
analysis and report writing. The report on the investigations was completed in October 1998. A
copy of the report is attached as Appendix 1.

A total of $45,180.76 was expended to complete this project. The majority of the budget was spent
on personnel time for DMG employees. The principle investigators included Jim Herron, Bruce
Stover, and Paul Krabacher. Activities funded by this grant included Reconnaissance
investigations, preparation of sampling plan and EPA ULSA lab requests, procurement of water.
sampling equipment, water sampling, mine waste sampling, data analysis, and report writing. The
budget table below breaks down the expenditures into major categories.

Expenditure ‘ Amount

Personnel $31,550.73
PERA 3,375.02
Travel | 1,209.24
Printing 1,999.57
Laboratory 1,162.14
Sample Shipping 502.50
Sample Bottles and Equipment 2,072.53
Indirect Cost 3,309.03
Total Expenditures $45,180.76




The above costs were part of six tasks in Exhibit C of the contract. An estimated breakdown of the

cost by the three tasks is given below:

| Budget Item Budget Estimate | Actual Expenditure Match
Field Surveys $15,000.00 $11,409.00 $4,224.00
Water Quality Sample Collection $ 4,000.00 $ 5,983.00 $11,633.00
Metals Loading Analysis $ 4,500.00 $ 4,700.00 $ 990.00'
Preliminary Site Feasibility Plans $10,000.00 $11,226.76 $ 4,308.50
Mine Site Prioritization $ 5,500.00 $ 5,900.00 $1,417.50

| Mining Waste Sampling and Analysis | $ 6,190.00 $5,962.00 $7,579.00

Project Goals, Objectives and Activities

The overall goal of this project was to collect site enough water quality data to allow the Animas
River Stakeholders Group to prioritize the source sites, and to collect enough site specific
“information on those sites to determine appropriate remediation methods.

Planned and Actual Milestones, Products and Completion Dates

The following table illustrates the milestones, products, and completion dates. Because a contract
was not issued by the Colorado Department of Public Health and Environment until August of
1997, some of the dates for milestones were revised.



Milestone Output Planned Revised Actual
: Completion | Completion | Completion
Conduct Field Surveys of Sites in Sampling and 10-97 10-97 8-97
Identified Loading Areas Analysis Plan
Collect Water Quality Data from Samples Collected 11-97 7-98 7-98
Specific Identified Sites
Analyze Data Water Quality Data 11-97 7-98 1-99
Identify Site Specific L.oads Loading Report 6-98 12-98 4-99
Field Survey to Determine Control Site Data 9-98 9-98 8-98
Measures .
Engineering and Economic Analysis | Remedial Plans 10-98 6-99 10-99
of Sites for Control Measures
Prioritization of Sites for Control List of Priority Sites 10-98 6-99 5-99
Measure Implementation (Process On-
going)

Evaluation of Goal Achievement and Relationship

The final report on these investigations was delayed for two reasons: 1) The scope of this project
was significantly increased; and 2) The grant monies were not received until later than anticipated.
The original scope of the project included only the area above the townsite of Animas Forks. The
ARSG requested that all significant mining sites above the Eureka townsite be included in the
study, which doubled the number of sampling sites. The project had one goal:

Goal 1: The goal of the targeting project is to provide in depth identification, water quality
information, technical and economic feasibility, and prioritization of specific sites for improvement
of water quality in the Animas River above Eureka.

There are two objectives under Goal #1:

Objective 1: Determine specific sites to be considered for prioritization.

Objective 2: Determine the remediation and economic feasibility for ten priority sites.

Both objectives were achieved during this project. In fact, more than 10 sites, as required in
objective 2, were characterized for economic and remediation feasibility. A brief discussion of the
tasks under each objective follows:

Task 1 of objective 1 was met by conducting reconnaissance investigations of the watershed.
During August of 1996. DMG personnel spent about two weeks walking through the various
tributaries to determine where potential sources of heavy metals were located. This resulted in the
sampling plan which is attached as Appendix 2.

Task 2 of objective 1 was met by sampling the Upper Animas, major tributaries, draining mines,
and mining wastes. The site locations are shown in Appendix 1.

Task 3 of objective 1 was met. The water quality samples were delivered to EPA laboratories.
Leachate extracts from the mining wastes were analyzed by the Colorado School of Mines.

Task 4 of objective 1 involved loading analysis to identify the principal sources of heavy metals in
the Upper Animas. The final report attached as Appendix 1 contains the loading analysis.




Task 5 of objective 2 was completed before and after water quality sampling, when the heavy
metal source sites were visited to determine possible remediation methods.

Task 6 of objective 2 was a major part of the report attached as Appendix 1.

Task 7 of objective 2 is an on-going process. The initial prioritization was delivered to the Animas
River Stakeholders Group. Prioritization of the source sites in the Animas River above Eureka is
being updated as additional information becomes available.

Supplemental Information

This section does not apply to this grant.

Best Management Practices Developed and/or Revised
BMP Effectiveness Evaluations

This section does not apply to this grant.

Surface Water Improvements

This section does not apply to this grant.

Ground Water Improvements

This section does not apply to this grant.

Other Monitoring

This section does not apply to this grant.

Quality Assurance Reporting

This section does not apply to this grant.

Results of BMP Operation and Maintenance Reviews

This section does not apply to this grant.
Coordination Efforts

Coordination From Other State Agencies

This grant was issued by the Colorado Department of Public Health and Environment. During
water quality sample collection, there were several volunteers from CDPH&E. There were also
volunteers from the Colorado Geological Survey.

Other State Environmental Program Coordination

This section does not apply to this grant.



Federal Coordination

This project was completed under the guidance of the ARSG. The ARSG includes several federal
government agencies, including the United States Geological Survey (USGS), US Bureau of Land
Management (BLM), US Forest Service (USFS) Region VIil EPA and US Bureau of Reclamation
(BOR). Investigations were coordinated with these agencies to avoid duplication of effort. All
these agencies also participated in the water quality sampling.

There was considerable coordination with Region Vill EPA to get the water quality samples
analyzed.

USDA Programs

This section does not apply to this grant.

Accomplishment of Agency Coordination Meetings

This section does not apply to this grant.

Resources/Coordination From Federal Land Management Agencies

This section does not apply to this grant.
Summary of Public Participation

A total of $30,130 in match was required for this project. Match documented for the project
amounts to $30,152. The match consists of voluntary overtime by DMG employees, the value of
volunteers helping with water quality sampling, members of the Herron Family running the field
laboratory during waste rock sampling, and laboratory analysis completed by the Colorado School
of mines. A breakdown is given below.

Source Amount
DMG Voluntary Overtime $6,716
Volunteer Time — Water Quality Sampling $15,857
Herron Family $ 4,379
Colorado School of Mines — Laboratory Work $ 3,200

Future Activity Recommendations

This was the second of three subwatersheds to be characterized by the Division of Minerals and
Geology. The final report on the Animas River below Eureka is currently underway. Like most
scientific investigations, there are some questions that arose following the water quality sampling.
These areas where additional work is needed are outlined in the report attached as Appendix 1.
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Upper Animas River Reclamation Feasibility Report

INTRODUCTION

This report is intended to be a guidance document for use by the Animas River Stakeholders
Group (ARSQ) in prioritizing and planning water quality reclamation projects at mine sites in the
Animas River above the townsite of Eureka. The initial reconnaissance investigation of the
basin was performed by the Colorado Department of Public Health and Environment,
(CDPH&E) Water Quality Control Division (WQCD) in 1991, 1992, and 1993. The water quality
samples collected at that time principally bracketed the tributary streams, but did not identify
individual sources. Based upon those results, the Colorado Division of Minerals & Geology
(DMG) conducted a more comprehensive reconnaissance to formulate a sampling plan for
collecting and analyzing water quality and waste rock extract data. The DMG sampling program
was conducted in 1997 and 1998 in accordance with this plan and resuited in this reclamation
feasibility investigation report. Using the report, the ARSG will prioritize the sites investigated,
and pian future reclamation work in the Animas River above Eureka.

It is important to note that this investigation focused only on the metals contributions from
surface mine waste and mine portal discharge sources in the Upper Animas River. Although
metal loading from groundwater inflows to the streams in the study area is indicated by the
analytical results of this investigation, no data has been developed yet to partition these inflows
into relative proportions of mining-affected groundwater versus natural sources. Groundwater
flow from the mines currently provides an unquantified pathway for metals to enter the streams.

The ultimate goal of this work is to improve the water quality and fisheries of the Animas River
downstream of Silverton, Colorado by reclaiming abandoned mine sites upstream of Silverton.
To achieve this goal, four reclamation feasibility investigations were planned for the Animas
River watershed above Silverton. The first report published in 1997 covered mining sites in the
Mineral Creek watershed. The second report published in1998 covered mining sites in the
Cement Creek watershed. This report, which covers mining sites in the main stem of the
Animas River above the townsite of Eureka, is the third to be published. The final report, which
will cover mining sites in the Animas River between Silverton and the Eureka townsite, is
scheduled for completion in 2000.

GENERAL SITE DESCRIPTION

LOCATION

The Animas River is located in San Juan County in the San Juan Mountains in southwestern
Colorado. The Animas River begins approximately 14 miles northeast of Silverton. Figure 1 is
a general location map of the area.

Prospecting began in San Juan County in the 1860’s. Mining began in the area in 1874. There
are hundreds of inactive and abandoned mines and prospects in the Upper Animas. There are
no currently operating mines in the Animas River above Eureka.

Investigation of the water quality of the Upper Animas River was initiated as part of the effort to
improve the water quality in the Animas River below Silverton. The Upper Animas was targeted
because investigations have shown that there is virtually no fish life in the Animas River above
the Eureka townsite, and there is a visual impact from precipitation of heavy metals. Although
there are natural sources within the watershed, adit discharge and leaching of waste rock from
abandoned and inactive mines contributes to the degradation of water quality.
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GEOLOGY

Water quality sampling in the Upper Animas Basin around Silverton has shown that in-stream
water quality can be directly correlated to the specific geologic, mineralogic, and rock alteration
attributes present in a stream’s watershed. Rock type, primary mineralization suites, and both
pre and post-mineralization hydrothermal alteration systems present in a watershed
characterize the observed stream water quality, even in undisturbed watersheds. Analytical
data shows that the overall stream water quality in the upper Animas watershed is generally
much better than the water quality of Cement Creek and Mineral Creek Watersheds. There is a
direct association between better in-stream water quality and the geologic differences in
mineralization and alteration styles present in the watersheds.

Major rock units and regional structural geology are described in this section of the feasibility
report, with detailed geologic descriptions of individual mine sites presented in the site
characterization section. A structural geologic map of the Upper Animas River area is shown in
Figure 2.

Published geologic mapping is available for the study area. The watershed lies within the
Handies Peak 7.5 min. Quadrangle, mapped by R.G. Luedke and W.S. Burbank of the U.S
Geological Survey at a scale of 1:24,000, (U.S. Geological Survey GQ-1595). U.S.G.S.
Professional Paper 535, by the same authors, also covers much of the study area, and is one of
the principal sources for much of the geologic information presented in this report.

The U.S. Geological Survey is completing a new series of age-dates for volcanic rock
sequences, and is in the process of re-interpreting the volcanic history of the area (D. Bovey,
personal communication, January 1999). Although the overall volcanologic framework and
geochronology of volcanic events is subject to change and re-interpretation through the normal
refinement of geological understanding, these re-interpretations will not greatly change or affect
site~-specific geologic characterization of individual mine sites. The descriptions of bedrock,
mineralogic, alteration, and structural features of the sites which directly influence water quality
and reclamation feasibility are well documented in the literature. Previous U.S.G.S. quadrangle
mapping and published descriptions of the rock units in the Silverton Caldera remain excellent
sources of geologic data for site characterization.

BEDROCK STRATIGRAPHY

The Upper Animas watershed lies on the northern margin of the Silverton Caldera, a regionally
prominent Tertiary-aged volcanic center within the larger San Juan Volcanic Field. Extrusive
sequences of volcanic ash-flow tuffs and flow breccias, dacite and rhyodacite lava flows and
domes, and intrusions of rhyolite and quartz-latite underlie the area. These rocks belong to the
Silverton Volcanic series, and underlying Sapinero Mesa Tuff. The Silverton series has been
further subdivided into mapable formations in the Silverton Caldera.

The sequence of volcanic rocks underlying and exposed in the project area are described here,
from oldest to youngest (Ludeke and Burbank, 1987):
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Extrusive and Related Rocks
Sapinero Mesa Tuff (Oligocene)

Picayune Megabreccia Member This sequence of fine-grained porphyritic andesite lava flows
and flow breccias is the oldest unit exposed in the watershed. It outcrops in the Animas River
Canyon near the mouths of Picayune, Burns, And Grouse Gulches, downstream from Animas
Forks. The unit is aitered greenish-gray, and weathers brownish-gray. The flows are commonly
amygdaloidal (contain gas cavities or vesicles filled by secondary minerals).

Eureka Tuff Member A gray to greenish-gray welded ash-flow tuff of quartz latite to rhyolitic
composition, with conspicuous eutaxitic structure (banded structure, resulting in a streaked or.
blotchy appearance). This tuff crops out in the lower part of California Guich, the western side
of Placer Guich, and along the lower valley walls of the Animas River from Horseshoe Creek to
Eureka. It outcrops over about one-third of the area of study.

Silverton Volcanics (Oligocene)

A sequence of predominantly intermediate composition lava flows and related volcaniclastic
rocks were extruded onto the underlying Eureka Tuff in later Oligocene time. These volcanic
flows have been subdivided into the following mapable formations exposed in the watershed,
from oldest to youngest:

Burns Member A sequence of light to dark-gray, thin to thick, intertounging flows and domes of
porphyritic dacite and rhyodacite overlies the Eureka Tuff, and crops out over about half the
study area. These rocks have been propylitically altered throughout the watershed. (propylitic
alteration described below). They are exposed in Burrows Gulch, across the saddle between
Houghton and Tuttle Mountains, and in upper California Gulch. They also crop out in upper
placer gulch, and form the upper slopes and peaks of California and Treasure Mountains, and
much of lower Picayune Gulch.

Rhyolite Unit A prominently flow-laminated lava flow and associated tuffs found at the base of
the overlying Andesite Member. This unit only occurs near the summits of Treasure Mountain
and Cinnamon Mountain, and on the upper slopes of Eureka Mountain.

Andesite Member A pyroxene andesite combined with the Henson Member. This unit is a
brownish weathering, dark-gray, porphyritic andesite in thick to thin, commonly amygdaloidal
lava flows and flow-breccias. It also can contain gray, black, and brown lenticular interbedded
sand and shaly tuffs, and locally, thin fresh-water limestones. This rock caps Tuttle Mountain,
the northeast shoulder of Treasure Mountain, the headwall of Placer Gulch, and the summit of
Cinnamon Mountain.

Younger intrusive Rocks

Rhyolite (Miocene and Oligocene) Dikes, sills, plugs, and irregular shaped masses of white to
light-gray, dense to moderately porphyritic rhyolite have intruded the older Burns Member and
Eurka Tuff. The largest mass is intruded along a series of northeast trending faults at Denver
Hill, and the northern foot of Houghton Mountain across from the London Mine. (An excellent
example of an outcropping rhyolite dike can be observed at the confluence of Horseshoe Creek
and the North Fork of the Animas River). A rhyolite mass also caps the western spur of the
summit of California Mountain.
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Quartz Latite Porphyry (Miocene and Oligocene Dikes, sheets, plugs, and irregular masses of

light brown to gray, dense, aphanitic (crystal components invisible to the naked eye, ;glassy
texture), to fine-grained rock with feldspar phenocrysts. This type of rock has intruded the older
Eureka Tuff on the upper southeast shoulder of Houghton Mountain, the upper west-facing
slope of Wood Mountain, and also as a thin, continuous dike which can be traced along the
north valley wall of California Gulch from Houghton to Tuttle Mountain.

SURFICIAL GEOLOGY

The high alpine terrain in the watershed has been deeply scoured and sculpted by glaciers
during the past 40,000 years. Exposed bedrock outcrop with thin patchy soils covers an
estimated 80% of the surface. Unconsolidated surficial deposits are generally confined to the
valley floors, and consist of remnant patches and aprons of glacial till, thin, patchy stream
alluvium, and peat and organic bog deposits in wetland areas on the flat-floored glacially carved
valleys. Talus and scree deposits mantle extensive areas of mountain slopes beneath cliffs and
outcrops, where they have formed from continuous rock-fall. Debris fans composed of coarse,
bouldery alluvium are commonly found at the mouths of steep ravines and tributary streams
where they join the main valley.

Almost the entire watershed lies above timberline in a high alpine environment. Snow
avalanches, debris flows in steep ravines and tributaries, and rock fall are constant geologic
hazards which affect many parts of the area. Specific geologic hazards affecting sites of
interest will be discussed in the individual mine site descriptions.

STRUCTURAL GEOLOGY

Structurally, the Upper Animas study area lies in the northern part of the Silverton Caldera. The
watershed is affected by both the ring-fault structure defining the northern edge of the caldera,
and the Eureka Graben, which defines a prominent down-dropped area within the caldera.
Much of the upper headwaters area north of Animas Forks lies in a region of complex fault
systems which strike northeast, tangential to the northern margin of the Silverton Caldera, "
continuing into the adjacent Lake City Caldera structure. The Eureka Graben and its associated
northeast-striking faults are believed to have formed as the domed-up caldera rocks above
active magma chambers relaxed and sagged back during periods of volcanic quiescence and
magma retreat. During the various resurgences in volcanic activity through the late Tertiary,
faults bounding the graben and tangential to the caldera were repeatedly reactivated. Today,
the Eureka Graben is a boot-shaped structure bounded by a series of major, steeply dipping
mineralized faults. (Burbank and Luedke, 1969)

Figure 2 is a map showing the structural geology of the area. The Upper Animas watershedis
situated within and across the northern margin of the caldera. The Eureka Graben is outlined in
heavy lines. As can be seen from the map, this part of the Silverton Caldera is complexly
faulted and fractured. These repeatedly opened fractures were the locus for ore deposition, as
ore forming fluids circulated through the subsurface much later in the geologic history of the
caldera.

HYDROTHERMAL ALTERATION

All the volcanic rocks in the San Juan Volcanic Depression were extensively propylitized and
altered on a regional scale, prior to ore deposition. “Propylitic” alteration is a term used to
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describe a particular type of mineralogic and chemical change that occurs by circulation of
aqueous hydrothermal solutions through the original volcanic rock mass. The addition of carbon
dioxide and water to the rock mass results in mineralogical changes to the rocks. Propylitic
alteration in the caldera is typified by the formation and addition of chlorite, calcite, and clays in
weakly altered rocks, to epidote, albite, and chlorite in the stronger phases. Propylitic alteration
has resulted in a dull green or greenish gray color to virtually all of the volcanic flow rocks.

Solfataric alteration also occurs in the Upper Animas study area, but not nearly to the degree
seen in Mineral Creek and parts of the Cement Creek watersheds. Rocks near the structural
margin of the caldera on Houghton Mountain near the Columbus Mine, and along the Animas
Fault at Eureka, have been highly altered by solfataric and hydrothermal processes. “Solfataric”
processes have subjected the rock to attack and leaching by hot sulphurous gases and
solutions moving upward along the structural margin of the Silverton Caldera. Hydrothermal
processes have leached most of the base minerals from the rocks, while introducing such large
amounts of sulfur that this type of altered terrain is readily distinguished from the surrounding
regional propylitic alteration. Rock in these hydrothermal zones was so strongly altered and
leached that little remains except silica, kaolinite, and sulfate and sulfide alteration products.
Virtually all the potential buffering minerals in the country rock have been leached away, leaving
a quartz-allunite-pyrite alteration assemblage more characteristic of the Red Mountain District.
Bleaching of the rocks and subsequent surficial oxidation of the solfataric pyrite through
geologic time has resulted in the brilliant red, orange, and yellow staining which characterizes
the solfataric alteration zones, as seen in the cliffs around Eureka.

Wall rock adjacent to the mineralized veins has been subjected to more intense but localized
alteration processes. Wall rock alteration occurred episodically as the veins were reopened and
subjected to successive phases of mineralization from soiutions having often very different
composition. In the Burrows Gulch area, extensive silicification and deposition of quartz along
the veins has resulted in spectacular, resistant, outcropping veins which can be traced by eye
for thousands of feet across the surface.

BASELINE DATA COLLECTION

Water, mill tailings and waste rock were sampled and analyzed to better understand the sources
of heavy metals in the Upper Animas River. The initial reconnaissance of the Upper Animas
River was completed by the WQCD in 1991, 1992, and 1993. The WQCD collected water
quality samples at 47 different iocations, and analyzed the samples for various dissolved and
total recoverable metals. The locations of these sites are shown on Figure 3 in smaller
italicized underlined letters. The WQCD sampled the sites from 1 to 4 times during four
sampling events. The number of dissolved and total recoverable analytes varied with each
sample event.

Based on the WQCD results and further reconnaissance investigations, water quality sampling
was conducted by the Division of Minerals & Geology (DMG) in September 1997 and July 1998.
Mining waste sampling was conducted by the DMG in August, 1997. The locations of these
sampling areas are shown on Figures 3 and 4.
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WATER QUALITY SAMPLING

The DMG sampled along the Upper Animas River during the low-flow and high-flow regimes to
determine the extremes in the amount of heavy metals contributed by various sources. Water
samples were collected on September 3 and 4, 1997 to obtain the low-flow data and July 7 and
8, 1998 to obtain the high-flow data. During both sampling periods, the draining mine adits were
sampled on the first day followed by sampling of the stream sites on the second day

Water samples were collected in the Upper Animas River above and below sites identified as
potential sources during reconnaissance investigations. The DMG sampling plan included
collecting dissolved metal, total recoverable metal, and major cation and anion samples at 66
different locations in the Upper Animas River. A list of the sampling sites, their locations and the
time of year at which sampling was performed at that location is provided in Table 1. The
locations of the sampling sites are shown on Figure 3 in large bold letters.

Water samples were collected by teams composed of volunteers and individuals from various
government agencies. Raw depth and width integrated samples were taken in the stream. The
total recoverable metals samples were then transferred directly to pre-cleaned pre-acidified 250
ml sample bottles; anion samples were transferred to pre-cleaned neutral 250 mi sample
bottles; and dissolved metals samples were collected by filtering the raw water through a 0.45
micron filter into a pre-cleaned pre-acidified 250 ml sample bottle. After sampling, the samples
were placed in coolers, and the anion samples were iced. Ail sampling activities were
completed at the sampling site. During the sampling, pH, electrical conductivity and
temperature were measured at the site.

During the September 1997 sampling event, flow measurements were taken at the same time
that the water quality samples were collected. Water quality sampling and flow measurements
were taken by continually moving up the watershed during the day. During the July 1997
sampling event, all of the water quality samples at stream sites were taken during the period
between 2:40 p.m. and 4:50 p.m. on July 8, 1998. This was done to limit the diurnal flow
variations in the streams. During the day, duplicate flow measurements and water quality
samples were taken at three locations; stations UA-6, UA-12 and CG-12. The flow
measurements at these sites plus duplicate measurements taken during the sampling period at
other sites, were used to adjust the flow measurements taken earlier and later in the day.

The September 1997 low-flow data is presented in Appendix 1. The July 1998 high-flow data is
presented in Appendix 2. It should be noted that the metals loading data in the appendicesis -
reported in grams per day, whereas throughout the text, the data is reported in pounds per day.
This was done to enable the reader to visualize the amounts better. To convert pounds to
grams multiply the number of pounds by 454. Conversely, to convert grams to pounds, divide
the number of grams by 454.

Table 1. DMG Sampling Program in 1997 and 1998

Sample Location Sept. | July Comments
No. 1997 | 1998

UA-1 Animas above Denver Lake X X Headwaters

UA-2 Animas above Lucky Jack Mine X X Headwaters

UA-3 Animas above Horseshoe Creek X X

UA-4 Animas below Burrows Creek X X

UA-5 Animas below mining complex X X

UA-6 Animas above California Guich X X

10
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Sample Location Sept. | July Comments
No. 1997 | 1998 .
UA-7 Animas below California Gulch X X
UA-8 Animas above Burns Guich X Velocity was too high to measure flow in 1998
UA-9 Animas below Burns Guich X Velocity was too high to measure flow in 1998
UA-10 Animas below Silver Wing Mine X Velocity was too high to measure flow in 1998
UA-11 Animas above Niagara Gulch X X
UA-12 Animas above Eureka Gulch X X
CG-1 California Gulch above Mtn. Queen X Dry in September 1997
CG-2 California Gulch below Mtn. Queen X X
CG-3 Cal Gulch above DM-11-16 X X
CG-4 Cal Gulch below DM-11-16 X X
CG-5 Tributary below DM-17 X X
CG-6 Cal Guich below DM-17 tributary X X
CG-7 Cal Gulch above Placer Gulch X X
CG-8 Cal Gulch below Placer Gulch X X
CG-9 Cal Gulch below Bagley Adit discharge X X
CG-10 Cal Guich below Bagley Mill Tailings X X
CG-11 Cal Gulch above Columbus Mine X X
CG-12 Cal Guich above Animas Confluence X X
BG-1 Burrows Creek above Trans-Basin X - | All flow diverted by diversion ditch July, 1998
Diversion
BG-2 Burrows Creek above London Mine X X
BG-3 Burrows Creek below London Mine X X
BG-4 Burrows Creek above Large Fauit X X
BG-5 Burrows Creek above Animas X X
LJ-1 Animas below Lucky Jack Mine X X
HC-1 Horseshoe Creek X X
PL-1 Placer Guich X X
CN-1 Cinnamon Creek X X
GG-1 Grouse Guich X X
PY-1 Picayune Gulch X X
BU-1 Burns Gulch X X
NG-1 Niagara Gulch X X
DM-1 Mine above Denver Lake X X
DM-2 Lucky Jack Mine X X
DM-3 Mine in Upper Burrows Creek X X
DM-4 Mine South of London Mine X X
DM-5 Mine near London Mine-West X X
DM-6 Mine near London Mine-East X X
DM-7 London Adit discharge X X
DM-8 Prairie Adit discharge X X
DM-9 Adit discharge below Burrows Creek X No flow in July, 1998
DM-10 | Mountain Queen Adit Drainage X X
DM-11 Upper adit Ida Mine X No flow in September, 1998
DM-12 Ida Mine No flow in September 1997. Flow too low to
measure in July, 1998
DM-13 lda Mine X No flow in September, 1998
DM-14 Lower adit Ida Mine X X
DM-15 | Adit discharge in Cal Gulch-old A-17a X X
DM-16 Adit discharge in Cal Guich-old A-17b X X
DM-17 Vermillion Mine X X
DM-18 Vermillion Tunnel X X
DM-19 | Bagley Tunnel X X

11
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Sample Location Sept. | July Comments
No. 1997 | 1998 -

DM-20 Columbus Mine

DM-21 Silver Wing Mine

DM-22 Tom Moore Mine

DM-24 Mine near Eureka Mill

DM-23 Mine south of Eureka No flow. There was evidence of past flow

DM-25 Silver Queen Mine

DM-26 Sound Democrat Mine

DM-27 Mine in Upper Picayune Gulch

DM-28 Mine in Upper California Guich

DM-29 Toltec Mine

XX XXX XXX X

DM-30 Mine between Grouse and Burns Gulch

XXX XXX XXX |[X

DM-31 Mine in Lower Burrows Creek No flow in July, 1998

MINING WASTE SAMPLING

Mining waste samples were collected at 43 different locations i